Expression of collagen type transcripts in chick embryonic bone detected by in situ cDNA-mRNA hybridization.
The development of the chick embryonic calvarium, an intramembranous bone, is characterized by direct differentiation of cranial ectomesenchymal cells into osteoblasts without the formation of a cartilage anlage. Collagen biosynthesis remains predominantly as type I in the calvaria. However, in severely calcium-deficient chick embryos maintained in shell-less (SL) culture, cartilage-specific type II collagen is synthesized by the calvaria. Immunohistochemistry localized the cells expressing type II collagen to undermineralized regions of the SL bone. In this study, collagen gene expression in bones of normal (N) and calcium-deficient SL chick embryos was examined at Incubation Day 14 by in situ cDNA-mRNA hybridization. A critical step in the procedure, which used biotinylated cDNA probes, was the selection of fixation conditions which maximized RNA retention and maintenance of tissue morphology. Tissues fixed in modified Carnoy's fixative (58% ethanol, 30% choloroform, 10% acetic acid, 2% formaldehyde) for 2-4 hr at -20 degrees C sectioned well and retained their cell morphology and cytoplasmic RNA. Other treatments important for the procedure included demineralization in 0.25 M HCl and removal of matrix by hyaluronidase digestion. In situ hybridization with type-specific collagen cDNA probes revealed that type II collagen mRNA was present in cells throughout the SL calvaria. More importantly, cells with type II collagen mRNA were also present in N calvaria which do not synthesize the protein. The overall abundance of type II-positive cells in N calvaria was not significantly different from that in SL calvaria, but their distribution throughout the bones differed. In general, the regional distribution of type II cells was inversely correlated with the extent of matrix mineralization. In the N calvaria, cells containing collagen type II mRNA were absent in the extensively mineralized superior zone, but were found in the temporal zone which showed limited mineralization. On the other hand, in the SL calvaria, which were substantially undermineralized overall, cells with type II mRNA were found throughout the tissue. Interestingly, the overall ratio of type I cells to type II cells was approximately 50% higher in N calvaria. These findings suggest that collagen type mRNA expression in the chick embryonic calvarium is correlated with, and perhaps dependent on, the extent of tissue matrix mineralization.